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Hydraulic and bituminous studies using dune sand 

f rom the Ainsworth Canal site, Missouri River  Basin Project,  ."  
Nebraska, were conducted in the Engineering Laboratories of 
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keen interest  of the observers  resuked in many helpful 

suggest ions. 

The studies were conducted by J. W. Short, R. A. 

Dodge, A. L. Smith, A. A. Kern and P. "F." Enger under 

the supervision of E. J. Carlson acd L. M. Ellsperman. 
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SUMMARY 

Tes t s  were conducted on dune sand, shipped f rom the s i te  of the 
Ainsworth Canal, Missouri River Basin Project, Nebraska, primarily to 
determine allowable tractive forces.  Hydraulic tests,  Figure 9, showed 
the untreated, unlined dune sand began to move at an average tractive 
force of approximately 0.004 pound per  square foot and was undergoing 
movement over the ent ire  wetted perimeter  a t  an average tractive force 
of approximately 8.0 11 pound per  square foot. 

In determining the tractive force that would move the dune 
saild, the distribution of tractive forces around the wetted perimeter  
was studied. An example of a measured tractive force distribution 
around the wetted perimeter  of a channel, of the shape shown, may be 
seen i n  Figure 10. Movement of the sand f i r s t  appeared to s t a r t  near  
the bottom of the side slopes, a s  shown in Figure 8. 

Tes t s  to determine the effects of a high ground-water table 
and rapid draw-down indicated a slope of 4:l was necessary for  
stability against sloughing of the untreated o r  unlined dune sand. 
Examples of sloughing which may occur on a 2:l side slope a r e  shown 
in Figures 11 and 12. 

Tes t s  on bituminous stabilized dune sand and penetrated 
macadam cover** were conducted. The tests showed that the dune 
sand penetrated with diluted asphalt emulsion was erosion-resistant 
under maximum tractive forces resulting f rom the tests, but became 
soft and Post cohesion under freezing and thawing action. After thawing 

*See Laboratory Reports No. Hyd-393 and B-21. 
**Gravel, smal ler  than 3/ 8 inch, was penetrated by approxi- 

mately 2.5 gallons pe r  square yard  of a rapid-setting emulsion. 



stability. The penetrated macadam cover  withstood high t ract ive 
forces  and remained stable through the freezing and thawing tes t s .  

INTRODUCTION 

As shown in Figure 1, Ainsworth Canal i s  to be located in 
the Niobrara River  Basin in Nebraska and is part of the Missouri  
River Basin Pro jec t .  Starting a t  the Merr i t t  Reservoir ,  it r u n s  
east  a c r o s s  wind deposited sand hills f o r  approximately 50 mi les  
and, a s  given in the recent Definite P lan  Report, will c a r r y  
approximately 620 c f s  of irrigation water to the Ainsworth Unit. 

A prel iminary canal design at the t ime the t e s t s  were made 
of a typical unlined section based on approximately 980 cfs  a s  shown 
in F igure  2, was 8 feet deep with a 40-foot bottom width, and 2 o r  
2-11 2: 1 s ide slopes.  The  maximum tract ive forces  which would 
occur in a s t ra ight  section of the prel iminary design a s  computed 
from the formula To = wds were found to  range f rom 0.035 to  0.045 
pounds per  square  foot. 

To  determine the limiting t ract ive force  of the dune sand, 
tes t s  were conducted in the Hydraulic Laboratory.  Dune sand was 
shipped f rom the s i te  to the Denver laborator ies  f o ~  these tes t s .  
The sand was placed in a tes t  flume at  field density, and the t ract ive 
forces  acting on it were increased by increments .  Data were taken 
to  determine the t ract ive forces  at  which the sand began to move. 

T e s t s  involving a ground-water table higher than the invert  
of the canal, and rapid draw-down, were conducted. Over par t  of the 
proposed 50-mile length of canal, the ground-water table is expected 
to be higher than the bottom of the canal; therefore ,  provisions were 
made to introduce ground water into the sand, and effects of a high 
ground-water table on the empty canal were investigated. 

T e s t s  were made using dilute asphalt  emulsion a s  a sur face  
treatment to stabil ize the dune sand. Pre l iminary  penetration t e s t s  
were performed to  obtain the most sat isfactory dilutions and quantities 
of asphaitic mater ia l s  which would provide adequate penetration into the 
dune sand and a l s o  provide resis tance to modera te  t ract ive forces .  The 
most sa t i s fac tory  dilutions and quantities were sprayed on the dune sand 
and, a f t e r  curing, i t s  res i s tance  to t ract ive fo rces  was investigated. 
A penetrated macadam cover  (fine gravel  penetrated with asphalt emul- 
sion) was a l so  investigated. 

T o  fur ther  evaluate the two types of bituminous construction, 
the i r  res i s tance  to  a l ternate  cycles  of f reezing and thawing were determined. 



by maintaining a ground-water table higher than the invert  of thecanal  
which represents  the most  s e v e r e  condition expected. 

CONSTRUCTION AND OPERATION OF EQUIPMENT 

As showr! in F igure  3 and in the frontispiece, the a r range-  
# ment fo r  the hydraulic t e s t s  of the Ainsworth dune sand consisted of 

a head box, a baffle f o r  stilling the water, a flume 70 feet  long by 
8 feet  wide by 22-112 inches deep, a ta i l  box, and a control gate. 
The flume, head box, and ta i l  box were  available in the Hydraulic 
Laboratory and were utilized' for  the study. The actual t ract ive forces  
to which the dune sand was subjected were measured.  T o  obtain t ract ive 
fo rces  comparable to  those in the canal, the slope of the model was 
made s teeper  than the  slope of the canal  because of the sma l l e r  depths 
in the model. No model s ca l e  was used. 

The  flume, Figure 3, was prepared for the hydraulic t e s t s  a s  
follows: F r o m  Station 0+00 to  Station 0+40, 2:l side s lopes of wood 
covered with mztal  lath were placed in the flume. Over  the wood and 
meta l  lath framework, grave l  of 114 to 3/8 inch was placed s o  that 
the bottom width of the channel was 2 fee t  10 inches and the side s lopes 
were 2:l. F r o m  Station 0+30 to Station 0+40, the g rave l  was held in 
place by a water-cement mixture .  Twenty fee t  of dune sand t e s t  section 
was cnnstructed to the s a m e  contour between Station 0+40 and Station 
0+60. F r o m  Station 0t60 to  Station 0+70, the construction was the s a m e  
a s  that between Station 0+00 and Station 0+30. A piping sys tem f rom 
a water tank was connected to  two 2-inch rock-filled water  col lectors  
along the s ides  of the tes t  section, F igure  3. The  water  tank was 
adjustable, and by sett ing the tank a t  a given elevation and allowing a 
garden hose to  discharge into the tank s o  that water  just spilled over  
i t s  edge, various ground-water conditions could be represented in the 
t e s t  section. The dune sand was compacted to the average field density 
of 102 .5  pounds per  cubic foot by personnel f rom the Ea r th  Mater ia ls  
Laboratory. 

P r i o r  to operation, the model was backfilled slowly to the tes t  
depth. The  discharge was gradually ra ised in the supply line, and the 
water  sur face  in the f lume was maintained by manipulation of the tail-  
gate. 

The discharge was measured  by a laboratory Venturi meter ,  
and the water-surface elevations were determined by point gages. Tile 
elevation of the ground water was determined by calibrated tubes 
connected to the ground-water collectors.  Point velocit ies were read  
by means of a pitot tube bank, a pitot cylinder bank, and a sloping 
manometer  board, F igu res  4 and 5. 



emuls ion when used in hydraul ic  tests:  (1) ~ h ~ l u s e e ,  Standard  Model 
T-200,  220-gallon aspha l t  d i s t r ibu to r  with power  s p r a y  a t tachment ,  
f lexible meta l l i c -hose  and hand s p r a y  b a r ;  (2)  Hudson S p r a y e r  Model 
253, 1-11 2-gallon tank. 

F o r  f reeze- thaw tes ts ,  two s h e e t - m e t a l  con ta ine r s  ( F i g u r e  6 )  
m e a s u r i n g  1 foot wide, 5 feet  long, and 1 foot  deep w e r e  placed on 
four-wheeled wooden pla t form c a r t s  and s e c u r e l y  b r a c e d .  T h e  t r a y s  
were  t rapezoidal  shaped,  which provided f o r  const ruct ion of a dune 
sand sect ion 1 foot wide with 2: 1 s i d e  s lopes ,  s o  that when the  t e s t  
s u r f a c e s  w e r c  in p lace  the  c r o s s  sectio11 would be s i m i l a r  tu that  of 
the proposed cana l  and the  hydraul ic  t e s t  mode l .  T h e  emuls ion was  
applied with the  Hudson s p r a y e r .  A f t e r  curirlg, G inches  of wa te r  was  
maintained o v e r  the bottom of the t e s t  section for the f reeze - thaw t e s t .  . . 

THE 1NVE:STlGATlONS 

Hydraulic Model T e s t s -  -Untrea ted  Dune Sand 

T e s t s  t o  d e t e r m i n e  l imi t ing t r a c t i v e  f o r c e s .  T h e  dune sand, 
on which the t e s t s  w e r e  conducted, was f a i r l y  uni form.  A s  shown 
in F i g u r e  7 ,  99 p e r c e n t  passed  a U. S .  Standard  No. 30 s i e v e  and 
5 pe rcen t  passed  a U .  S. Standard  No. 200 s i e v e  (0.590 to 0 . 0 7 4  mm). 
T h e r e  w a s  no appr-eciable cement ing m a t e r i a l  i n  the sand .  

T h e  f i r s t  t e s t s  w e r e  conducted t o  obtain the a v e r a g e  t r a c t i v e  
fo rce  r e q u i r e d  to  move the  sand and the  area  where  movement  f i r s t  
s t a r t ed .  T o  a id  in v i sua l  observat ions ,  s o m e  of the  sand  was  dyed 
with methyl  violet us ing the method explained i n  Civil  ~ n ~ i n e e r i n  , 4 November  1941, pages  668  and 669. A s  s h ~ w n  in F i g u r e  8a, a s , r i p  
of dyed s snd ,  3 i n c h e s  wide and approx imate ly  1 / 1 6  inch thick, was  
placed a t  Station 0+4G and Station 0+55. T h e  s t r i p s  w e r e  obse rved  
to a id  in de te rmin ing  when the  dune sand  s t a r t e d  to  move and where  
movement  s t a r t e d .  

T h e  a v e r a g e  t r a c t i v e  f o r c e  was computed f r o m  the  formula:  
T o  = w R s  

where  

To = the a v e r a g e  t r a c t i v e  f o r c e  
(pounds p e r  square  foot) 

w = the  speci f ic  weight of wa te r  (G2. 4 pounds 
p e r  cubic foot) 



s = the slope of the hydraulic energy gradient 

Water-surface elevations were recorded fo r  each change in discharge,  
and the hydraulic gradient was computed. 

To  obtain the limiting t ract ive forces ,  the model was s ta r ted  
" to  operate  a t  a low tract ive force,  and the t ract ive force  was grad-  

ually increased until general  movement of the sand occurred. Hold- 
ing a depth of 1. 00 foot a t  Station 0+60, the discharge was slowly 
ra i sed  to  2.  5 c i s .  The  result ing average  t ract ive force, a s  computed 
f rom T o  = wRs, was too s m a l l  to move the sand. Holding the depth 
of 1 .00  foot at  Station 0+60, the discharge was gradually increased.  
A s  shown in F igure  9, when the discharge reached 3.5 cfs, with a 
corresponding average t ract ive force  of 0.0041 pound pe r  square  
foot, the dune sand s ta r ted  to  move. Movement f i r s t  occurred near  
the bottom of the s ide slopes, F igure  8b. However, t he re  was l i t t le 
movement a t  the average t rac t ive  force  of 0.0041 pound p e r  square  
foot. The  discharge was increased by s m a l l  increments,  and a t  
5. 5 cfs, with a result ing t ract ive force  of 0.01 14 pound p e r  square  
foot, general  movement occurred over  the en t i re  wetted per imeter ,  . 
Figure 9. 

Although Manning's "n" value changed throughout the tes t s ,  
a s  the tes t  section became rougher due to moving ma te r i a l  forming 
in waves, the average "n" value for  the dune sand tes t  section was 
calculated a s  0.0164. 

T e s t s  to determine the distribution of t ract ive forces .  T e s t s  
were c o n e s  around 
the wetted per imeter .  The t e s t s  were a continuation of general  studies 
being conducted on t ract ive forces .  The  following method was used 
for calculations. 

A s  shown by H. A.  Einstein, in the Soil ConservationService 
Technical Bulletin No. 1026, the Von Karman logarithmic velocity 
distribution law for open channels may be written in the following 
form: 

I where 

Vy = the average point velocity &feet p e r  second) 
at  a distance y f rom the bed 



pounds pe r  square  foot - 

$ = the density of the water in s lugs  p e r  
cubic foot 

A = the apparent roughness of the sur face  and 
contains a correct ive p a r a m e t e r  

5.75 = a constant which includes Von Karmanrs  k 
value (assumed constant and equal to 0 .4)  

If the preceding equation is used and the  velocity (V1) 
at one point ( y l )  is subtracted f rom the velocity (V2)of another 
point (yZ)  which i s  at a higher elevation, we obtain: 

or: 

f rom which: 2 

5. 75 log 22 

In the preceding equation, the dis tances  f rom the boundary 
should be measured  perpendicular to the boundary, and velocit ies 
close to the boundary should be used. 

If a given distance f r o m  the boundary is s e t  f o r  yl and y2, 
the equation will reduce to the following form: 

where 

C = a constant = 
J 

2 
[s. 75 log YZ] 

Y1 

'The preceding method depends on accura te  determination of 
the position of the  boundary, and a s  the elevation of the boundary 
continually changed a f t e r  the dune sazd s t a r t ed  to move, s o m e  difficulty 



recording the position of t h e  boundary before and a f t e r  a run and the 
t ime  at  which point velocit ies were measured,  the approximate 
position of the boundary a t  the t ime  point velocit ies were  recorded 
could be determined. As  the dune sand moved in a wave formation, 
only the approximate position of the boundary was obtained f rom this 
method. An example of one group of analyzed, plotted data may  be  
seen in F igu re  10. The  d ischarge  fo r  the tes t  shown was 6.00 cfs .  

r' Figure  9 shows the average  t ract ive f o r c e  throughout the tes t  s e c -  
tion to be  0.0137 pound p e r  squa re  foot when the discharge was 
equal to 6 .00  cfs.  The  point-velocity method, F igu re  10, shows 
the average  t ract ive force  acting a t  Station 0+57. 5, which was  nea r  
the end of the tes t  section, t o  be 0.0180 pound p e r  squa re  foot. 
The average t ract ive force calculated f r o m  the point-velocitymethod 
is 31 percent  higher than that indicated by F igu re  9. The'difference 
could be  due to the increase  in roughness of the tes t  section f rom 
Station 0+40 to  Station Ot60. The increase  in roughness  would in- 
c r e a s e  the hydraulic gradient and, thus, a l a r g e r  t rac t ive  force  
would act  a t  Station 0+60 than a t  Station 0+40. In a l l  point-velocity 
data, for  the untreated sand, which was analyzed, the average  
t ract ive force  a t  Station 0+57.5 was higher than the average t r a c -  
tive force  shown by F igure  9. 

Ground-water t es t s .  Although extensive t e s t s  on ground- 
water  conditions were  not conducted. a t es t  was ~ e r f o r m e d  to 
determine the effect of a high ground-water table on an empty canal. 
As  shown in F igure  11, sloughing of the s ide  s lopes  occurred.  

In the  tes t  performed,  the ground water  was held 0. 78foot 
above the average  elevation of the channel bottom. After approxi- 
mately 10 minutes, water  appeared on th'e bottom of the channel, 
and a f te r  approximately 15 minutes, sma l l  fa i lu res  f rom sloughing 
began to occur.  The  sloughing progressed  rapidly for  approxi- 
mately 45 minutes. After about 1 hour, the sloughing slowed 
considerably, F igure  11. The  s ide  s lopes  which resul ted f rom the 
sloughing were approximately 4: 1. 

Rapid draw-down tes t s .  The  tes t  section was subjected to 
rapid draw-down. A discharge of 1.94 c f s  was s e t  in the channe1,and 
an average  depth of 0 .98 foot was maintained over  the  tes t  section. 
The  model was operated fo r  6 hours  to s a tu ra t e  the dune sand. After 
the dune sand was well sa turated,  the  d i scharge  was turned off and 
simultaneously the tai lgate was dropped. As shown in F igure  12,  the 
s ide  s lopes  sloughed f rom approximately 2: 1 to approximately 3. 33: 1. 

T e s i s  to Determine the Best  Bituminous Application 

P r ime-membrane  type asphalt ic canal lining experiments  in 
Region 1 an  the Payet te  Division of the Boise Project ,  RozaDivision 



P r o j e c t  have shown that  a s u r f a c e  t r e a i m e n t  will provide  i n c r e a s e d  
stabil i ty,  provided a p r o p e r  se lec t ion  of bi tuminous m a t e r i a l s  is 
c o r r e c t l y  applied t o  the  exposed s u r f a c e  of a sa11dy s o i l  under 
t e m p e r a t u r e  condit ions that wil l  allow absorpt ion and penet ra t ion  of 
the bi tuminous m a t e r i a l s  without e x c e s s i v e  run-down. A lower -cos t  
c a m 1  lining r e p o r t ,  published by Region 1 in J a n u a r y  1949, enti t led 
I I E x p e r i m e n t a l  Asphalt ic  P r i m e - M e m b r a n e  Cana l  ~ i n i n ~ s "  p r e s e n t s  
valuable data  r e g a r d i n g  the const ruct ion and se rv iceab i l i ty  of th i s  
type of  s tabil izat ion.  T h e  s u b g r a d e  of the E a s t  Turb ine  L a t e r a l  is 
defined a s  a fine "blow sand1' ( F i g u r e  7) which is cons ide red  c o m -  
pa rab le  to  the  Ainsworth  mate r i a l ;  t h e r e f o r e ,  the  techniques  and 
m a t e r i a l s  used on the  E a s t  T u r b i n e  L a t e r a l  should b e  appl icable  t o  
the Ainsworth a r e a .  

Some sur face -pene t ra t ion  e x p e r i m e n t s  empioying bi tuminous  
m a t e r i a l s  w e r e  p e r f o r m e d  with the thought of  economical ly  providing 
cohesion in a s u r f a c e  l a y e r  of the  in-place  dune sand.  T h e  r e s u l t s  
of t h e s e  e x p e r i m e n t s  and the  es t ima ted  c o s t s  of th i s  type of s lope  
stabil izat ion a r e  h e r e i n  repor ted .  

T h e  Ainsworth  sand  was  placed in 3- inch-diameter  p las t i c  
cy l inders  fitted with wooden b a s e s  a t  the  f ie ld  in-place  densi ty  of 
102. 5 p o u ~ ~ d s  p e r  cubic foot. The t i m e  t o  obtain a " s u r f a c e  d r y  
condition" (when the  bi tuminous m a t e r i a l  had been a b s o r b e d  in to  the  
sand)  and t h e  depth of  penet ra t ion  of each  applicat ion w a s  recorded.$ 
Pho tographs  of the  test c y l i n d e r s  m a y  be  s e e n  in F i g u r e  13. 

Cyl inder  No. 1. A c a n a l  l inlng emuls ion with the  ca ta ly t -  
ical ly blown asphal t  cement  a s  t h e  b a s e  was  added to  the  dam^ s u r - -  
face-of the  s o i l - a t  a r a t e  of I. 0 gallon p e r  s q u a r e  ya rd .    he ;sphalt 
f rac t ion s e p a r a t e d  f r o m  the  wa te r  in the emuls ion o r  "broke" in 
7 minu tes  fo rming  a s u r f a c e  m e m b r a n e .  T h e  penet ra t ion  dtd  not 
exceed 1/ 16 inch. Af ter  cu r ing  in a n  oTren a t  1 40° F f o r  18 hours,  
no addit ional  penet ra t ion  was observed.  

Cyl inder  No. 2 .  One-half gallon p e r  s q u a r e  y a r d  of HHM 
o r  mixing-grade  emuls ion was  added to  the damp sand as above. T h e  
aspha l t  emuls ion b r o k e  in 16 minu tes  f o r m i n g  a m e m b r a n e .  T h e  
aspha l t  penet ra ted  3/16 inch into the  sand.  Oven c u r i n g  f o r  18 h o u r s  
i n c r e a s e d  the  depth of penet ra t ion  1 / 8  inch. 

Cyl inder  No. 3. Using a blend of 1 p a r t  of "cat" emuls ion 
(Cylinder No, 1 ) t o  1 p a r t  of wa te r  a t  a r a t e  o f  1 .0  gallon p e r  s q u a r e  
yard ,  the  m a t e r i a l  b r o k e  in 25 minutes  f o r m i n g  a s u r f a c e  m e m b r a n e .  
T h e  maximum penetra t ion  o r s e r v e d  was  3/ 16 inch. 
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square  yarb,  was absorbed rapidly by the d r y  sand (7  seconds to  a 
sur face  d ry  condition). The  perietration was 318 inch. One and one- 
half hours la te r ,  SC-1 was added at a quantity of 1 .0  gallon p e r  
square  yard.  A s u r f a c e  d ry  condition was observed in 2C minutes  
a t  which t ime thc SC- 1 had penetrated 7/ 16 inch and the d iese l  fuel a 
total of 1 -3/8 inches.  The  following day, RC-0 was added t o  the 
sur face  in two equal applications of 0 . 2 5  gallon pe r  square  ya rd .  
The cylinder was cured in the 1400 F oven overnight and then placed 
under an  in f r a red  lamp f o r  20 minutes.  A layer,  r i ch  in asphalt ,  
with a relatively s table  crust ,  was fo rmed  by the above t rea tment .  

Cylinder No. 5. Same a s  Cylinder No. 4, except the  SC-1 
was warmed to 1800 b' and applied in  two eqilal applications of 0.5 
gallon pe r  s q u a r e  yard.  A surface d r y  condition was observed in 
3.5 minutes.  A s  shown in F igure  13, the asphalt  penetrated approxi-  
mately 2-112 inches. The  s a m e  f i r m  s u r f a c e  as noted on Cylinder 
No. 4 was observed  on Cylinder No.  5. 

Cylinder No. 6 .  A p rep r ime  of 0. 5 gallon pe r  squa re  yard  of 
diesel  fuel was  applied to  the d ry  sand  followed by two applications of 
0 .5  gallon p e r  squa re  yard each of a blend consist ing of 50 percent  
diesel  fuel and 50 percent SC-1. T h e  RC-0 was  added a s  in Cylinder 
No. 4. The  m a t e r i a l s  were  absorbed readily.  The  depth of penetraton 
was 1-112 inches,  as  shown in F igu re  13 .  

Cylinder No. 7. 'To the d r y  surface,  without a prepr ime,  
5- 

0 . 5  gallon p e r  squa re  yard of the s a m e  blend a s  used in Cylinder No. 6 
provided a penetration of approximately 5 / 1 6  inches.  A second sim- 
i la r  application failed to increase  the penetration significantly leaving 
an asphalt r i c h  c rus t  OI? the surface.  

Cylinder No. 8. F o u r  equal applications of 0 .5  gallon p e r  
*uare  yard  of a blend of 1 par t  HRM (mixing grade) emulsion to 4 

pa r t s  of water  were  applied to the su r f ace  of the damp sand. The  
mater ia l  was absorbed rapidly. The  depth of penetration was not 
c lear ly  defined. The emulsion produced a fa i r ly  f i r m  su r f ace  ove r  
a s t ra t i f ied l aye r  about 1-3 /8  inches thick. The final application, 
applied the following day, consisted of 0 .5  gallon p e r  squa re  ya rd  of 
a blend of 1 p a r t  HRM to 2 p a r t s  of water .  T h i s  mater ia l  was not 
absorbed too readi ly  s ince it r e  uired 18  minutes  to  become su r f ace  
dry ,  Total  penetration was 1-374 inches .  

Cylinder No. 9. Same a s  Cyl inder  No. 8, except the  sample  
was placed under  the infrared lamp f o r  30 minutes  p r io r  to  the  final  
applicaticv T h i s  t reatment  re ta rded  the absorption.  I,t r equi red  
40 minut, . b  ' tr the sur face  to become dry .  
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gallon p e r k q u a r e  y a r d  of a blendu c o k p o s e d  of"l HRM emuls ion  
and 9 p a r t s  wa te r  w e r e  m a d e  in quick s u c c e s s i o n .  T h e  observed 
penetrat ion was approx imate ly  2-  1/ 4 inches .  S ince  the  emulsion w a s  
very  dilute, the d e e p  penet ra t ion  was accompl i shed  rapidly  ( 3  i n c h e s  
in 40 minutes) .  One-half gallon p e r  s q u a r e  y a r d  of a 1:2 blend w a s  
applied t o  the s u r f a c e  arhd the  cyl inder  p laced under  the  in f ra red  l a m p  
f o r  cur ing.  T h e  sand  was f i r m  a f t e r  the c u r i n g  period.  

T h e  es t ima ted  c o s t  of m a t e r i a l s  f o r  the  preceding appl ica-  
t ions  are :  

D i e s e l  fuel, p e r  gallon . . . . . 8. 33  c e n t s  
SC- 1, p e r  gallon. . . . . . . 5.0 c e n t s  
RG-0, p e r  gallon. . . . . . . . 6. 25 c e n t s  

T h e  preceding a r e  quoted fob Casper ,  Wyoming, in tank t r a n s p o r t  l o t s  
(approximately 5, 500 gallons) .  

Asphalt emuls ion,  p e r  gallon: 

fob K a n s a s  City, Missour i  . . . 10.0  c e n t s  
fob L a u r e l ,  Montana . . . . . . 8. 33 c e n t s  

In t r a n s p o r t  lo ts  

It is es t ima ted  that  f o r  volunles in the o r d e r  of 100, 000 gallons, t h e  
cos t  of application would be about 6 c e n t s  p e r  gallon. 

Hydrauiic Model T e s t s  of Bituminous T r e a t e d  M a t e r i a l  

T h e  hydrau l i c  t e s t  sec t ion was r e s h a p e d  with dune sand p laced  
a t  t h e  f ield in-place  density, and a slow s e t t i n g  asphal t  emulsion, con-  
fo rming  t o  F e d e r a l  Specif icat ion SS-A-674b, T y p e  SS-1, was  mixed  
with w a t e r  and s p r a y e d  on the  dune sand.  S o m e  di f f icul t ies  were  en-  
countered in control l ing  the d i scharge  of e m u l s i o n  and applicat ion 
p r e s s u r e s  when u s i n g  the  hand s p r a y  bar  and  the  asphal t  d i s t r ibu to r .  
A s  shown in F i g u r e  14a,  cons ide rab le  sloughing of the  dune sand 
o c c u r r e d  due to  oversa tu ra t ion .  F i g u r e  14b shows  that  the  Hudson 
s p r a y e r  produced s a t i s f a c t o r y  r e s u l t s .  

T h e  s p r a y i n g  opera t ion was  continuous.  T h e  following t a b l e  
shows  the dilution and r a t e  of application: 
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P a r t s  applied Application- -gallons 
Application P a r t s  water  emulsion gallons p e r  square yard  

P r i m e  100 0 2.5 0.14 

Penetration 8 1 85.0 4.88 

Surface 1 .75  1 10.8 0.62 

A t o t a l o f 1 3 . 3 g a l l o n s o f a s p h a l t e m u l s i o n w a s u s e d i n t h e  
stabilization t reatment  of 17.4 square ya rds  of dune sand sur face  a t  
0. 764 gallon p e r  square  yard. After f i r s t  applying a water gr ime,  
approximately 70 percent of the  asphalt  emulsion was applied in  the 
8:l dilution t o  obtain maximum penetration into the sand. The  final 
sur face  t reatment  consisted of a 1.75:l dilution. 

Curing was accomplished by using a ba t te ry  of infrared 
lamps. A s  shown in F igure  15a, some c i r cu la r  a r e a s  about 6 inches 
in diameter  in which the cohesion of t he  asphalt  was  destroyed 
resul ted f rom localized overheating. T h e  burned a r e a s  would not 
occur  in a properly 'sun-cured section in the  field. With the excep- 
tion of the burned a reas ,  the section satisfactorii jr  withstood over  
200 hours of operation with the average t ract ive fo rce  varying f rom 
0.015 to 0.055 pound pe r  squa re  foot. Except fo r  the burned areas ,  
the section appeared  a s  though it would withstand higher t ract ive 
fo rces  than those  result ing f rom the t e s t s .  

A s h o r t  section of penetrated macadam was constructed by 
applying approximately 2.5 gallons pe r  squa re  y a r d  of a rapid-sett!ng 
emulsion to the  sur face  of the 114- to 318-inch g rave l  in the appJ oach 
to the  hydraulic tes t  section of dune sand, F i g u r e  3. Figure  15b 
shows the penetrated macadam and a bat tery of in f ra red  lamps used 
in the  curing process .  The emulsion used f o r  the penetrated macadam 
conformed with Federal, Specification SS-A-674b, Type RS-1. T o  p re -  
vent excessive run-off on the s ide  slopes, the emulsion was applied in 
two applications. The f i r s t  application of approximately 1.5 gallons 
pe r  square y a r d  was followed by a second application of 1 .0  gallon 
p e r  square yard .  

The penetrated macadam cover  was unaffacted af ter  over  
200 hours1 operat ion with average t ract ive f o r c e s  varying f rom 0.015 
to  0.055 pound p e r  s q u a r e  foot, and i t  appeared a s  though it  would 
withstand much higher t rac t ive  forces  .. 



To further evaluate the penetrated dune sand and penetrated 
macadam cover, their resistance to alternate cycles of freezing and 
thawing was investigated. The freeze-thaw tests  were conducted under 
simulated field conditions with a high water table by maintaining - 
G inches of water over the bottom of the test section during the freeze- 
thaw test period. 

In order to correlate the hydraulic tests  with the accelerated 
freezing and thawing tests, the test specimens, i n  the two m-eta1 con- 
tainers (Figure 6), were prepared a s  nearly identical with the 
sections in the model a s  possible. A slightly f iner  gravel was used 
for the penetrated macadam cover in freeze-thaw tes ts  than w a s  used 
in the hydraulic tests .  However, there was IIO significant difference 
in the penetration characteristics of this f iner  material  a s  compared 
with the test section constructed in the hydraulic model. 

The following types of asphalt emulsion stabilization linings 
were prepared and tested: 

a. Dune sand at the undisturbed field density penetrated 
with diluted asphalt emulsion (Tray 1, Section A, and Tray 2, 
Section D). 

b. Same a s  a., above, with a penetrated macadam cover 
(Tray i, Section B): 

c. Dune sand at the undisturbed field density (untreated) 
with a penetrated macadam cover (Tray 2, Section C). 

Figure 16 shows these test sections prior to testing. 

The entire surface of Tray 1 and Section D of Tray 2 were 
prepared by penetrating the dune sand with asphalt emulsion (Federal 
Specification 5s-A-674b, Type S S - I )  at 0.764 gallon per  square yard. 
Approximately 70 percent of the emulsion was d,iluted with 8 parts 
of water (8:l mix) and applied to the exposed sand surface a s  a spray 
using the tank-type Hudson sprayer.  The remaining 30 percent 
emulsion was then applied by the same method after diluting by adding 
1.75 parts  of water to 1 part of asphalt emulsion. 

The penetrated macadam cover (Tray 1, Section B, and Tray 
2, Section C) consisted of a 2-inch layer of fine gravel treated with 
standard rapid-setting asphalt emulsion (Federal  Specification SS-A-6 74b, 
Type RS- 1) at 2 . 5  gallons per square yard. The gravel was composed 
of 50 percent of 3/8-inch to No. 4 mesh material, mixed with 50 percent 



The emulsion was applied with the Hudson sp raye r .  Approximately 
1 .5  gallons per  squa re  yard  was sprayed over the su r face  of the 
gravel.  The asphalt emulsion rapidly penetrated into the voids of 
the grave l  layer.  A second application of I .  0 gallon pe r  squa re  
ya rd  was applied immediately.  Some run-off of asphalt ma te r i a l  
was noted at the toe of the slope. 

The tes t  sect ions were wheeled into the freezing room and 
held a t  approximately minus 100 F overnight. Examination showed 
the ent i re  m a s s  to b e  completely frozen af te r  the 16-hour f reezing 
period. The tes t  sections were allowed to thaw a t  room tempera-  
t u r e  before repeating the freezing process .  

Thir ty  cycles  of freezing and thawing were completed under 
this tes t  program. 

Figure 17 shows the t e s t  sect ions while frozen, and F igu re  
18 shows the condition of the tes t  sect ions a f t e r  removing th.e water  
a t  the completion of the test .  

After 30 cycles  of freezing and thawing, the following r e su l t s  
were  observed: 

T r a y  1, Section A. --Above the water  line the asphalt 
emulsion-stabilized dune sand remained relatively firm, but 
s eve ra l  i r r egu la r  c r a c k s  f rom 118 t o  114 inch wide developed. 
Below the water line, uncoated sand par t ic les  were noted with 
an accompanying lo s s  in stabil i ty a s  evidenced by a slight slough- 
ing on the s ide s lope which produced a bulge a t  the toe of t h e  
slope. On thawing and redrying, t he  dune sand appeared to  regain 
some of i t s  original stability. 

T r a y  1, Section B. - -The re  w a s  no apparent effect on the 
stability of the asphalt  emulsion-penetrated macadam cover  due to  
the freeze-thaw test. Any movement o r  sloughing in the under- 
lying stabil ized dune sand was not t r ans fe r r ed  to  the macadam 
cover. 

T r a y  2, Section D. --Same a s  T r a y  1, Section A. 

T r a y  2, Section C. --Unaffected. Resistant t o  30 cyc les  
of freezing and thawing. 

RESULTS AND CONCLLTSIONS 

A s  shown in F igure  9, the untreated dune sand placed a t  field 
density s ta r ted  to  move at an average t rac t ive  force  of approximately 



ent i re  wetted per imeter ,  a t  an average t ract ive force of approximately 
0.0114 pound per  square  foot. The  tractive f o r c e s  a t  which the dune 
sand moved indicated that a n  unprotected o r  untreated dune sand canal 
would lose  i t s  shape when a n  average tractive fo rce  of  approximately 
0. 0041 pound per  square  foot was maintained. 

The point-velocity method of determining the t ract ive-force 
distribution a t  the wetted perimeter of an open channel appea r s  fea- 
sible.  Caution must  be exerc i sed  in determining the position of the 
boundary, and velocities measured  near  ttlc !,oundary should be used. 
The  method gives bett.er r e su l t s  with a fixer1 i.oundai-y than with a 
varying boundary. 

A ground-water table above the inver t  of an unlined, untreated 
Ainsworth dune sand canal  would cause rjloughirig of 2:l s ide s lopes  i f  
the canal were empty. T o  prevent sloughing from a high ground water 
table a 4:l s ide s lopc would be required.  A 4:l s ide  slope would also 
be adequate ,in preventing sloughing f rom rapid draw-down in an unlined, 
untreated Ainsworth dune sand canal. 

The asphalt-emulsion stabilized dune sand withstood t ract ive 
forces  up to 0.055 pound p e r  squa re  foot and appeared as though it 
would withstand much higher t rac t ive  forces,  but became soft and lost  
i t s  cohesion during freezing and thawing action. The  tes t  r e su l t s  in- 
dicate that the following minimuqi quantities should provide adequate 
stability for  the high t ract ive force. 

a .  (1) 0 .5  gallon p e r  squa re  yard d iese l  fuel 

(2) 1.5-2.0 gallons p e r  square  yard  of blended 
d iese l  fuel and SC-1 o r  MC-1 

(3) 0.5-1.0  gallon p e r  squa re  yard RC-0 

b. (1) HRM (mixing grade)  emulsioll diluted with 
water  to provide at least  1 . 0  gallon of 
emulsion per  squa re  yard.  The dilution 
should be determined in the field. Lab- 
ora tory  t e s t s  indicate that success ive  
applications of emulsion mus t  follow 
closely to prevent the emulsion breaking 
and the asphalt fraction filling the voids 
in the sand, preventing fur ther  penetration 

(2) F ina l  application of 0.5 gallon pe r  squa re  
yard  of 1 par t  HHM to 2 p a r t s  of water  
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( b )  Sloping manometer  board--  connected with pitot banks 

Missnuri  River Basin Project  
AINSWOIITIJ CANAL 

PITOT BANKS AND MANOMETER BOARD 
hydraulic and bitumirlous s tudies  

F i g u r e  5 

( a )  Travers ing  pitot tube and pitot cy l inder  
banks mounted on level  channel iron 
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(b) Sevcn  and 
introduced 

o n e  half hours  a f t e r  ground water  w a s  

Missour i  R i v e r  Resin P r o j e c t  
AINSWORTH C A N A L  

SLOUGHING O F  DUNE SAND CAUSED BY GROUND WATER 
(THERE IS NO DISCHARGE IN T H E  MODEL) 

hydraulic and bituminous s t u d i e s  

F igure  1 1  

(a)  Forty  f ive  minutes  a f t e r  ground water  w a s  introduced 





Figure 13 

(a)  Test  cylinders 1 through 5 

(b) Test cylinders 6, 8, 9, and 10 

Missouri River Basin Proiect 
. I - -  

AINSWORTH CANAL 
C YLINDERS USED IN SURFACE-PENETRATION TESTS 

hydraulic and bituminous studies 



. .a. Figure 14 

( a )  Hand spraybar and Chausee,  standard model T-200, 
asphalt d i s t r i b u t o r  

( i ) )  T i~nk- type  Hudson $prayer,  rnodel 253 

Missouri  River Basin Project  
AINSWOH'I'H CANAL 

APPLYING DlLUTE ASPHALT EMULSIONS 
hydraulic &rnd bituminous studies  



(b) Penetrated macadam c o v e r  consist ing o f  asphalt 
ernulsian and pea  g r a v e l .  Notch in fra-red  l a m p s  used  
for  curlng 

M ~ s s o u r l  River  Basin Prujec:t 
AINSWORTH CANAL 

ASPHAL'I' EMULSION 1.E8.1' SEC'I'LONS 
hydraulic and blturn~tlous s tudies  

Figure 15 

( a )  Asphitlt e n ~ u l s i o n  s tab i l ized  dune sand showing  erosiorl 
iri burned a r e a s  whi . rh  w e r e  pruciuced during cur ing  



(a) T r a y  1. Dune sand penetrated with diluted asphalt 
emulsion. Section B shows the 2-inch thick asphalt emulsion 
penetrated macadam cover. 

(b) T r a y  2. Section C- dune sand a t  field "in place" density. 
A 2-inch thick asphalt emulsion penetrated macadam cover 
was placed over section C. Section D- dune sand penetrated 
with diluted asphalt emulsion. 

Missouri River Basin Project  
AINSWORTH CANAL 

FREEZE-THAW TRAYS PRIOR TO TEST 
hydraulic and bituminous studies 



(a) Tray 1 (b) Tray 2 

Missouri River Basin Proiect rn 
AWSWORTH  CANAL^-‘ 

F R E E Z E  -THAW TI 3AYS A F T E R  REMOVAL FROM FREEZING ROOM 3 hydraulic and bituminous studies e 



Figur 

(a) Tray  1. Note: Section A, f i rm but cracked above waterline, 
uncoated sand and some sloughing below waterline. Section B 
was uneffected. Discoloration on gravel i s  due to rust  deposit. 

(b) Tray  2. Section C (at right) unaffected. Section D (at  
left) s a m e  a s  Section A. 

Missouri River Basin Project  
AINSWORTH CANAL 

TRAYS AT COMPLETION O F  FREEZE-THAW TESTS 
hydraulic and bituminous studies 


